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. ABSTRACT

‘ This *hesis has developed 3 planning aid “o be usz=3d by
the airberne air defense commander in the development cf kis

ERTR

air defense force structure recommendatzion to the brigad:
commandar. The planring aid prasented is a version of

Lt el

gulcti-attritute utili¢y mea surement (MAUM) that provides the
. commander with a simple 2nd und:srstandable means of organ-
izing multiple inputs in selec*ting squipment. By working

. through the steps of the model the commander will be
r2quired tc rely heavily on uss of his judgment; by doing so
he will gain significant insigh% inte the interdependencies

AT, TR
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cf *he inputs. The MAUM version selected is simple to use
and easy to ls2arn. Its forma*t is also flexible and can be
adapted tc all wcrld-wide scenarios. It provides a time-

effactive means for developing a force st-ucture and when

£inished will prcvide the commander with a format that
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accommoiates an understandable recommandation.
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I. INIRODUCTION

Airbecrne brigades are designed to deploy zapidly aad
. efficiently. As part of this fast moving organiza<zion, <he
air defanse commander recomm2nds an air defense force to
counter the enemy air thrzat while mseting ths constraints
of *ime and aircraft space.

The selection and reccmamendation of the optimal package
of air defense equipment is ar important func%ion of ths
army air defense commander. This thesis develops a tech-
nique to assist +he Fkattery air defernse commander ir quickly
dzvelcping an effective air defanse package.

A. DESCRIPTION OF TEE SITUATION

Within the divisicns of *the U.S. Army thare 2re several
iadependent battalions that providz numarous combat support
ard service support functions (See Figure 1.1). Ona2 such
special-purpose battalicrn is the air dzfense ba%talicn. An
air defense ba*ttalionr has four line batteries and ore head-
qua-ters ba+tery. The four line batteries have “he comtat
air defanse assets necessary *o provide the air defense
coverag2 required tc support “he m2jor commands of “he divi-
sion (S2e Fiqure 1.2). The major commands of +he divisien
are the <hree infart:ry brigades, the division suppor*
command (DISCOM), and *he division aczillzry (DIVARTY).
Normally, one line battery (A, 3, o2r C) is allocated *o zach
cf <he three infantry brigades. The four+h line ba%%sry (D)
suppcrts designated units within the division. The o=her
indzpendent ba=talions (signal, armor, enginears, aviation),
normally za2ferr=3 to in *he division as the "sz2parate bat=a-
licus", are organized in a2 similiar fashion.

A . A _a.a_.m.a
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Figure 1.1 Airborne Division.
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The ccmmander of a line battsry is par* of the brigade
commander's special s*aff when his line battery is assigred
to the brigads. Tha tkattery ccmmander is respoasible *c¢ =iae
brigade ccmmander for all air defens2 matters within *iae
brigade area. This resporsibility includes providing
training and conducting educational classes for the cfiicers
and NCO's of the brigade concerning <he air defanse uni+t

n

capabili+ies, limita*ions, employment technigques, and
raquirements, as well as assisting the brigade operatiors
cfficer with air defense plars f£or opera=ions (training or
actual).

The 824 Adirborne Divisior, as part of the Rapigd
Deploymen* Fcrc2 (RDF), is the A-my's amost combat ready
divisicn [Ref. 1). This divisicn constan<tly maintains a
portion of its combat forces in a stata of prepareness *c
meet +the RDF con=ingency mission of de2ployment. This
prepared forcs, callzd Division Ready Fo-ce (DRF), has ths
missicn cf being able to deplcy its f£irzst elements withian 18
hours cf rotification. 1In order to accomplish this task in
an orderly ranner, *he DRF is b-okan dowr into “hree smpaller
units called Division Ready Batzalions 1, 2, and 3 (DRB-1,
DRB-2, DBB-3). These units ar=2 at different s*ages cf
preparcsdness for deploymeant. DRB-1 is the most preparzd,
and will be *he portion of the DRF <hat will be airberne in
18 hours. Fart of +he depleying force can be made up of
some cf the elements from the sspara+e bat+talions.
Therefore these uni<s, also idan+ify and partially main%ain
par% cf thei: assets in a prepar=sd staze, In the case cf
the air defense battalicn this means tha* one of the four

r

linz ta“+teries has tte tactical mission to suppor“ *“he DRF.
This line be4tery has elemerts a3t various stages of
prapar=2dress with a%t least one Redey2 sec+ion (seven 1-151A2
jeeps, 14 personnel and 42 Redeye aissil=es), ard cne Vulcan

platoen (4 Vulcan guns, 18 personn2l) prepared for immediate

10
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rigging cperations (See Pigures 1.3 azd 1.4). "Immediats

(]

[-]
rigging crerations" simply means +tha< all a battery has <o
{ do is place “he designatad equipmen: on heavy-drop pla=-

é: forms, strap the equipment to the platforms, attach

Jﬁ parachuzes, and load the "rigged equipment" on the planes

2 . for deplcyment. Later in this sec:ion is a da2scripticn of
~ +he 18 hcour sequence *he deploying force goes througa in

? making final preparation for movemant.

f§ In the sarly stages of the 18 hour sequence, +he DEF

;? commander needs to identify what comba: assets will te

ti needed frcm *hs separate battalions +o support his deplcy-
i: men*- missicn. This decision will bs baszsd largely on his

Ei concept of “he orsration (tac+ical ground plan), his experi-
! ence and knowledge of the separate units! combat assets, <he
2? number of aircraft available for movement, and the salesman-
;5 ship ¢f the separate units' commanders.

;§ It “his situation the brigade commander is similiar <c
L the housewife in a grocery store with her limited budget:.

v, The separate ba%*rtalicns' combat assats are items on the

;% sa3lf with various prices and funczional valu=2s, aad th=

:i mimber of cargo airplanes available for movem=ant is the

- brigade ccmmander's constraining budgez. He can buy

';a anything that will f£i% corn his airplanes, and no mor2. But,
ffv he does nct wazt to tuy just anything. He wants <o maximize

his ccmbat pcwer with his limited resourcss. He wants *o
purchasz “he assets that will best support his operatior

553 plan, and give him the gr2atest chanc2 of obtaining success.
The question is, what comba< asssts ba2st suppor* his

- operation plan? This is where the ai:- defenss battery

- commander, along wi<h all the other saparate company/trcop/
bat“ery ccmmanders, comes into play. Bas=2d on “he brigade

B .

commander's operation plan (grourd tactical plan) arnd, in

.

o P
2ttt

*he cas2 cf air defense, nis priority lis+t fo:- air defemnse

D:l-'t-'..n:r_n;\.’.
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covarage, +he ai- defense battery commandsr makes his reccm-
mendations for +he type and number o9f asse*s “0 bz included
in the =ctal force structure. It should be recognized <hat
cach sukcrdinate commander's racommerndation of how best =¢
op=imize +he brigade force structur2 will be presented f-cm
a biased point of view. It should be =2xpected tha+ each
subordina%e commander would feel tha- his comba+ weapons
woulid contribute mors to optimizing the brigade force struc-
ture than the combat weapons c¢f the other indeperdert
batzalicns. This reccmmendation is somewhat like a ccammer-
ical in a magqazine cr on *elevision:

1. Tthe air defenss commander is competing with +he
sutordinate ccmmanders of the other independant
battalions fcr the brigade commander's limi+ed cargo
space. Each ccmmander has a dssirsd force he would
like *0 takz, but reccgnizes the fact *hat the
brigade commander has 2 constraining factor; <hus,
~he ccmmanders need to make the brigade commandsr
avare of *he versatility »of th2ir weapons.

2. The bat+ery ccmmandec's rscommzsndation also presents
“he trigade commander with r=2levant informa+icn
cecrcerming the special ne2ds of air defens=2 design
with the in%+ention of making a2 brigade ccmmarder a
"smarter consumer", The cbjective is to give *he
brigade commander the facts nscessary *o make his

rade-off decisions cencerning combat weapons.
Thea battery commander's professional skill as a soldier, his

;, technical kncwledge ¢f his air defense equipamert, and his
Eu understanding of the deploymen+t situa<ion are the marketing
= “00ls that insure his success. How well organized his
- “hought process 1is in developing his <rzcommenda+icn could
S. m2ke the difference be=ween takiag a gocd air deferns

package or +takirg an airz defensz package that will €£fit on

the aircraf+ts that are laft over.

P . BN
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B. THESIS PURPOSE

The purpcse of this thasis is =o Jsvelop an evalua=iorn
framzawcrk or decision-making technique to serve the air
def2nse ccmmander in developing his force structure recom-
mendation; a technique that when implemented will cffer +te
user flexibility, speed, and orgarization. The thesis does
not direc*tly address the ma jor *tcpics of air threat assess-
ment, <gjuipmen+t performance, weapon systam reliabili<y arnd
cther system characteristics, or how *to evaluate the force's
measure of effectiveness as *+the result c¢f th2 battery
ccmaander?'s recommendation. These are beyond the scope of
this thesis. Ra*her, the thesis conc=antrates on hcw o
crganize pultiple and sometimes unrelated inputs to develop
a rational recommendation tha%t will provide optimium rasults
for the airtorne brigade. Only +*he air daferse weapcrs
assigned to the airborne air defenss battery will be consid-
ered in *this thesis. These weapons are the towed Vulcan
gun, and ths Redeye missile.

C. ORGANIZATION OF THE THESIS

This <hesis consists of five chapt2rs. Chapter II

<D

introduces the reader t0o <h:z ts3rminology 2rd doctrine of zh
airborne division and the air defense baz:ery.

Chap<er III provides <he readez with a familiarizaticn
cf the prirciples of multi-a+t+zibu+te utility measurement
(MAUM). It also introduces *he reade: to a version cf MAUM
found <o be compatible with the objectives of the air
dzfansa zcdel.

Chapter IV explains <he fcrmat o0f the air defense model,
and Chap=ter V contaians =h2 conclusions and rscommendaticn of

*he thesis.

15
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II. EBELININABY INPORMATION

A. INTRCDUCTION

This chaptar is included to give the -eader a basic
understanding of air defense and airbormne topics as seen by
current U. S. Army tactical doc*rine., The irn-<ent is %o
familiarize the reader with th2 zerminology and scme of +he
operational meanings cf +*he expressions. The majority of
this da<a was ex*racted from Army Field Manual (FM) 4uy-1,
U. S. A-my Air Defense Arzillery Employmen<+, da+tzd 26
February 1979. Addi<“ional guidauce was obtained from FM
44-3, U. S. Acmy Air Defense Aztillary Eamployman+
Chaparrzal/Vulcan, dated 30 Serp*embar 1977.

B. INTRODUCTION TO AIRBORNE OPERATIONS

The mission of the United S=-ates Aramy is to win 2 land
battle. To do <=his, +he Army is crganized into divisions.
A divisicn is further organized izto thnres brigades, and =2
brigade is a grouping of “hrse mansuvar ba*talions.

The trigade conducts “wo genreral =ypes of opera*ions.
The fizs¢ brcad *ype is 2ffensive operations.

The p-imary purpose of ¢ffensive oga*a ~ions is to

dest:og thé 1nzegrity of the enea defans2 by brsaking

thrcugh his defensive system and v1ug rapidly in<e

r2ar argas to destrcy artillary, a;: ens&, command

gs%s,zﬁcg;st ical support, and command conz:ol systams.
ef.

The seccnd broad <ype of ope-ations is called defensive

‘u ll".; SR

cperaticns

ot

NV A

5 The purpcse of defensive operazisns_is %0 cause enough
3 casual+ias and dastroy enough vshicles <c¢c convince %ine
gl ’ 2anemy “hat his attack’is tod cos*ly and shculd therzfcoe

v

¥
AL,

Dl e
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be disccntinued. From “ime to time, defensive _
operaticns are conducted to ga;; tim2 when concenirating
£orces elsewhers on *he bat<leriald; +to prepare forces,
facilities, and installa*tions; or to ccntrol essentia

tarrain. Ref.

The airtorne brigade, like a conventioral infantry
brigade, ccnducts both type of operations, but the prepara-
tion phase for the airborne uni« is a lit+le different. The
major difference is time allowed for planning and execution.
The airtorne brigade achieves its greatest tactical advan-
tage Ly surprise entry ianto or near <the ba+ttlefizli.
Surprise means short nctice, limitad number of individuals
involved with planning, and rapid movenmentz.

Planning for operations is cornducted in great detail,
Four plans are developed for thz axecution of an airborne
cperation: (1) =he ground tactical plan, (2) the larnding
glan, (3) the air movemen“« plan, and (4) the marshalling
plan. The plaas are developzsd in revsrse order of
sxacuticn.

The first plan, *he grourd tactical plan, includes =*he
nissicn ¢f the force, the sector of operation, loca%*icn of
the fcrzce sccuri+ty element, task organization, fire suproz+*
(ar+illsry), and combat service suppoct. The ground
tactical plan is developed frcm an analysis of the missicn,
enamy, *terrain, weather, Zorce strength, and dura+ion of the
cperaticn. The ground tactical plan serves as a basis for
+he cther three plans, and as the brigade ccamander's
guidancz to all subordinate ccammandsrs.

Th2 landing plan con<ains “h2 ssquance and me+hod of
delivery into “he area of opera<ions. Ths landing plan also
includes hcow uni<s will assembls, and tae ass2ambly aids =zo
bz used by specific units. The leading plan is a used in
daveloping ~he marshaliing and air amovament plans.

17
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The three methods of delivery are airland, low-alzi+tuds
parachute extraction system (LAPES), and parachute drorp
(heavy drcp). In the airland mezhod, the airccaf+ larnds,
the equipment drives off while thz aircraft engines ara
running, and then the aircraf* takes off. The airland
method insures minimum damage to equipment; delivers vehi-
cles ready for immedia*es drive-away; delivers crews with
their weapcns and vahicles; and provides for +*he rezurn of
casualzies, prisoners of war, and damaged equipment.

With low-altitude parachute 2x<raction system (LAPES)
the aircraf+ slows dcwn, flizs five to0 zen ma2+2rs off +he
ground, and drops a parachu*e out the rear of <he airplarne.
The parachu*e inflates and pulls the 2quipmen% cu=. The
parachuze offers no air suppor*t Tc ths load; it is jus= a
peans ¢f extracting the squipment from the plans. LAPES
requizss less preparation time, fewer personnel, and lass
equipment support than hsavy drop. LAPES is a pinpoin<
delivery system €<or ccmbat equipment (2.9. Sheridan tank);
however squipment is more suscep+ible %o damage wi*h LAFES
than wi+h airland.

The third method is parachute drop. This methcd
requires more preparation time, mors personnel, and more
suppcrt equipment than does LAPES. Locads ar2 strapped to a
metal platfcrm referred “o as a hsavy 3rop platform. The
platfcrm is adjustable in length and is usually just long
enough “o0 cover +he base o0f <he load. Then *wo or =hree
cargc parachutes are attached <o the load. The number cf
rarachutes depends on the weight of cargo. While airplane
£li2s at a reduced spead (130 knots), and at an al<itude cf
800 fe2t abcve ground leval (AGL), the parachuts pulls *he
equipment out the rear and suppor*s “h2 load =0 *he grcund.
Equipment is oven more susceptible to damage with hzavy drop
“han with LAPES, and this delivery method is znct as accurats:
as the above two. Variabless such as wind speed and piles
error piay a majer zcle in the accuracy of this methecd.
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The air movement plan specifies aircraft lcads. It
includes a schedule fcr loading of aircraf+, and tha -cu==s
+*c be used in moving the prepared eguipment and perscrnel
from rigging areas tc the planes.

The marshaling plan provides the details niecessary *>
assemble fersonnel, egquipment, and supplies to be =mployed
in the deployment mission. It prcvides a schedule f£cr the
completicn c¢f major eveats in preparation phase such as
preparation of equipment, rigging of =quipmen<t, movement of
loads, and pre-flight inspections of loads.

C. AIR DEFERSF DOCTRINE

Army air defense doctrine consists of the principles cf
operations, orgarization, and :tactics raquirsd to fight ana
air ba%*le. These principles provide rfor the employment cf
a mix of corplem2ntary weapon systsms to coun*ar the varicus
air +hreats used by the snamy. Th2 U. S. Army wszapcns fer
air defense are divided into two categories:

1. Low altitude, short-range air dsfense (SHORAD). This
categoery cf air defanse weapon sys+tems includes +he
Vulcan gun, Chaparral missile, and *hz man-portable
air defense system Redey2 missile.

2. High and medium alti+tude air defanse (HIMAD). Wi+«hirn
this category of air defens2 asse*s are the
Nike-Hercules missile and <the Improved Hawk.

These categories are bas2d on the alti*udes at which
most aerial engagemerts by *the weapon system would acrazally
take rlace. ¥ost SHCEAD sngagzaments will take place below
5000 £ee+t aktove ground level (AGL), and at raages less than
Skm. i+L the HIMAD sys*ems, *the e2ngagements ace ncrmally
abova 5000 fee+ AGL, and a+ raanges to 140 km. HIMAD sys+-zms
have th=2 capability cf engaging targets at lower al+i-udes
and shorter ranges, tut <heir mission is <o engage +he
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T hostile force at maximum distances. This allows for

follcw-c¢n shcts if necessary.

SHORAL systems are normally employed irn suppor+t of manz-
uv2ar elamen=s +o0 deferd th2ir critical assets against
by close support aircraft and helicoptars. SHORAD systzums
must be capable of mcving with the force they support. (A
battalion-size element is normally referred <o as a maneuver
€element).

HIMAD systems are deploy2d4 with 2 divisicn-siz2 oo
larger uni*, Longer range air defans2 missile systenms
provide area coverage; these systems have more =quipmert
than SHOFAD systsms, and therefors rejuice more time <0 move
ard set up. These systems are not designed <o be deliverszd
by heavy drcp or LAPES from airplanzs.

In mcst aray divisions, these ai: defense systams weuld
be integrated with friendly figh“er aircraf+ in<o an overall
air defarse design. The fighter aircraf:t would s%t:-ike +he
enemy aircraft well ferward of =“he £riendly ferce (2

distance cf approximately 10-15 km) to 2ffect maximum a<%ri-
+ior, and to break up concentrated a=+tack formations. This
tactic -smoves some cf the or-ganization and smcothness cf
the enemy's attack techniques, and adds to his uncertain*y
e.d., more corncern for his fusl rsserve or possible damage
to his plane). This also presen%s %0 the enzmy a continual
ir defeanse threat throughout <he £friendly's srgagemen+=
2cne.

D. CCMMAND AND CONTEFOL

Normally the senior air force officer in *he acsa is zhe
overall air defense ccmmander. His title will vary
depanding orn the size of the organiza+«ion he is charge cf,
tut he usvally will te called the rzgion air defenss
ccmmandsr, cr th2 area ai- defanse commander in an unifiagd

s a ee
(]
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o or join* command. Within the division, the senior ai:c
defanse ccmpander is the ba+talion commander ¢f +the air

- defense tattalicn. The battalion commandar coordinazes his
R activities with the area air defa2rs2 commander.

%: Engagements of air defense wsapons are ccntrolled by the
: . area air defense commander through the establishmen:t of air
Eﬁ dafanse rules and preccedures. The authority <o ordar an air
SS d=f:nse ergagement is retained a< <he nighest unit zble %o
{j effectively con*rol the air battle. For Hercules and Hawk,
fﬁ +his is usually battalion level, for Vulcan it is normally
. the battery level, and for a Redey> <cam it could be the

~i§ enlisted team leader in charge of the tean.
:53 The rules and procedures include *the following:
S

1. Rules of Engagement. These ars directives from the
area air defense commander that are included in all
tactical standard operating procedures (TSOP) of 2ach
unit+ having arp air defense mission or air defense

A capability. Briefly, +they outline general hoszile

» criteria, and airspace/geographical control direc-

tives., They 2lso sta%s ia clz2ar, dirsct language

35 <hat the righ+t of self-defens2 is always preserved.

2. Hestile Criteria. This is *he meaas the air defense

3 units use to desigrate a targset as friendly c:

hostile . This can be elsctronic devices, such as

IFF, or visual techniques. isual criteria cam be

pcsitive identification of the aizcraf+. Other

- visual criteria that classily an aircrafs as hostile

could be aircraft at*acking friendly ‘roops, cr

- aizcraft dropring unau+horizzd substances.

3. Weapcns Contrcl. Basad on the air situation, <*he
area air Jefense ccmmarnder can impose varying degrees
cf ccntrol on 2ir Jefense systams. Lower commanders

P

may impos2 a mecre ras<«rictive control on organic

HSS
W

d squipment, bu*t must rzquest th2 area air defense

ae, €
e e
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ccmmarder to change to a less restrictive wearpcn

ccntzcl.,. Commcnly us2d +a2rms are “weapons f-=e":
weapons may fire at any aircraft not postiviely fd=xn-
tified as friendly; "“weapons <ight®": £fire only 2=
aircraft positively identified as hostile; ard
"yeapons hold": do not fire exca2pt in self defenrse.
4. Piring Commands. These ace commands issusd regard-
less cf the weapons con+rol in effect. Theze ar=
<hree commonly used terms. The first of “he “hree is
"held £ire": this command is used =c pro*ect
sgecific friendly aircraft. Th2 secord is "ceass
firs", Cease fire is the command used tc prevan+
sipultanacus engagsmernts of a :arge+. The +hird
command is "cease engagement", Coase 3ngagement is
+he ccmmand used to prepare the firing urnit <o =2rngags
a higher priority targe+t., If rounds are not already
in f£light, the engagemeat ssquence is stopped and che
firing unit pr=pares t¢ =ngage the new target. If
rcunds or missile are already launched, the firing
urit continues with its present engagement until <+hs
rcunds or missile in+*ercevt ths target; +hen i+

prepares to engage thes nesw targst.

E. AIR DEPENSE MISSION

In gersral t2rms, th2 air defznse objective is ¢ limit
+he zffzsctiven2ss of enamy cffeasive air efforts. Air
defenses ars those actions r=quired to nullify or zeducs an
eneny's capability tc use airspace zc attack friendly
forces. The ultima*teé goal of air dsf2nse unizs is +“o
protect frisndly forces from an en2my aircraf< or missile
ttack, *o allow freedom of use of the ai-space for friendly

m

forces, acd to allow frezdom of movement of surface unitsy/

gronnd <roops.
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F. AIR DEFENSE TACTICAL MISSIOQNS

Briefly, there are four tactical missions tha* can t=
assignad to an air defense commander. The first is general
suppcrt (GS). An air defanse commandar that recieves a GS
mission will provide air defense for the force as a whols.
The ccmmander supports ths entire forcs, ard is not
commit=:d “*c any spacific element of the force. The ai:
defense ccmzander coordinates, devzlops, and implements his
air defense design and is respoasible for positioning his
weapons systems.

The seccnd tactical mission is that of general
supporting-reinforcing (GSR). The air defense commander
provides air deofense for the force as a whole, and augments
+he ccvsrage >f another air defensz unit. GSR uni%s are rot
committed to any specific elzment >f the force., Positicning
¢f his urits may have to be coozdinat=2d with +<he air defense
uni+t he is augmenting.

The <hird tactical mission is rsinforcing (R). The air
defernse ccmmander's primary aission is to augment <hs
ccverag:s cf another air defense unit. The rsinforcing
commander is the subcrdinz+e commanda2r, and cocrdinatzs the
deplcymsnt ard positioning of his weapons with the rein-
forced ccmmanier. The rsinforcing commander establishes
liaiscn and communicazions wizh th2 rszinforced unit.

The fcurth tactical aission is direct suppor+ (DS). The
air defsnse commander with a DS mission provides dedica+=24
air defense for a designated maneuvar anit within <the ferce,
and ccordinates his scveamen+ts wi<h th2 2lement he supports.
The air d=2f=2ns=2 commander posZ<ions his weapons to preperly
support “he operations of the supported element.
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X G. AIR DEPENSE PRIORITIES

There will always be mor2 rnzeds for ai: defense in an
area cf operation than +t+here arzs air defense zesources *“c
protect them. Orn developing a list of pricrizies for aic
defense, the force (brigade) commander and the air defense

: commander should consider the fcllowing:

1. Vulrerability. How well can an ass=2t su
a+t+ack?

(2]
]
l 4
<
1)
I\l

o}

2. Criticality. How cri<ical is %the asset ¢
mission?

(o]
ot
[ o
®

3. Recuperability. If +the assat

is a+tacked, how
quickly can damage be -epaired? !

4. Enemg air threat., What is the 2nemy's capabilicy *%o
attack ths asset?

5. Relocation, Can assets be reg-ouped =o rasult in
favwer separate assats?

H. TACTICAL PRINCIPLES

There are four fundamental principles ¢f smployment

whick form the basis for accomplishing the air- defers=

ok
48
[(]

ﬁf objactive. The first of thase is weapon mass. Mass is

allocaticn <f a sufficien+ amount »f air defsnse raescu

css
x +o adequately defand the brigade commander's vrioris
assets. In this situation, 'mor=z is betrter!.

The ssccnd principle is weapon mix. Mix is +he employ-
ment cf air defense wsapon sys+ams wi=zh different

charac*eristics and capabilizies. An 2xample of air d=2fsxns=
mix for an airborne infaa<ry brigads would be a defens=2 <“ha
includes the Vulcan gun ard “hs Red=y2 missila. The inten<
is for <he Fedeysz to complement the weakiesses of the
Valcan, and +*he Vulcan to complamen- “he weaknesses of *he
Redeye.

The third princigle is mobili«y. ir defense units must
be able tc move, and move at the same spead as the mansuver
alamer+, iIf th2y are to provide <hs uni< with continuous air
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defense coverage. Motkility alsdo incr2ases th2 air defsrse

units' chances of survival.

The finel principle is tha% of integra*ion. This
simply means that the air defense design must be in+egrated
into the overall plan of the brigade to be effective. That
is, all subordinate units of “he brigade must be working In
uniscn 4cwards a commcn goal.

I. DESCRIETION OF SHORAD WEAPONS

Rudclf Wal<e: commentsd:

eslow ley2l flying is used ingrsasingly bv our own

and saemy air forcses., This trend %o move strike opsra-
ticns rt¢ altitude ranges betwsen 30 meters_and 300
me<ers is clearly Jemdonstrat=d by *echnical and opera-
+icnal ccncepts =2mbediad in the ¥-111, Torrnado, <he
$U-19, A-10, and the SU-25, as wa2ll as by the increasing
importanca o5f <he helicepter on th2 battlefield.

[Ref. 3]

As a r2sul%t cf this <rend o lower altitude cf
at~ack aizcraft, greater =mphasis has been placed or low-
al+*itude, shorz-rangs air defense systems. This <hesis will
focus crly cn lew-altitude, short-range (SHORAD) weapcns,

nd only thecse wz2apons orgaric to the airborne divisicen.
The firs:t system is the Vulcan.

The Vulcan is a mcbils air defanse gua system used to
counter ths low-altitude air thzeat. It is sffec+ive
against both high-performance aircraft and slower f£ixsd-wiag
aircraf+ and helicopters at ranges out to 1200 mez2rs.
Vulcan car also provide effective jround firs againsz
perscnnel, waapons, and *hin-skinnsd vshicles to 3 rangs of
about 2900 metars.

As pointed out by Lieuterant Colon2l Frankeski:

The aa*iaircraft (AA) gup has been proved one of <he
most valuable and flexible ba**l:zfield rcesources avai-
lakle to <he ground commandez. 3round commandec-s who
have such weapens and trained units at *hel:z disposal
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i<ute for or reinforce theiz
nse, and an=itaak forcas.

have the resources to sub
field aztillery, ccast de
[ Ref.

st
fe

The towed Vulcan gun system consists of an 4-168
cannon mcunted on an M-42 gun carriage. The prime mover :Iis
usually arn M-561 Gamma Goat. Maximum speed whil=s towing <he
Vulcan is 45 mph on improved zoalis.

The ccmparatively light weight 9f the towa2d Vulcaz (3150
pounds) permits its use in supoert of airborne operatiors.
Emplacement time for +he towed Vulcan _s about five *tc <en
minutes., Reacticn *ime, the time between acquisition of
+3rget and firing on *arg=st, is about ten seconds.

The Vulcan is a six-barrel 20 %4 Gatling-+type gun tha
has a low-firing rate of 1000 zourds p=r minute ard a high-
firing za*s of 3000 rcunds per ainute. Using a firing ra<e
swi<ch, the Vvulcan may be £ired at the high rate in burs+s
of 10, 30, 60, and 100 rounds. I%“s onbocard range-only radarc
(ROR) prevides ranging informe+ion for *he fire control
syst=em. Th: cannon can be traasversed 360 degrees in
azimuth ard elsvated tetween 0 d2grzes and 80 degrees.
Al*houghk equipped wi*h a night sigat for ground firs
suppor*, the Vulcan is a fair-weachar, daylight air dsfanse
age against aerial +*arge:s

o

system wi*h a maximum effectiva r
of aktcu+« 1200 me*%ers.

Vulcar normally uses air d=2fzns=, incendiary tracer,
self-dss*-uct ammunition (HEIT-SD). Approximately 500
rcunds of ready~-to-fire aamuni<ion ar2 cacried ocn the
w2apon. Rszload +ime is less than zhr-s2 ainutes. Anc+ther
3500 rounds, which ccmplates <he basic load of 4000 rounds,
are car-ied on the prime aover,

Mutaal support, *he tactic »f placing a weapon wizhin
the epgagement capabilitias of a% 12ast one adjacent systznm,
is acccamplished by pcsitionirg a Vulcaa within 1000 ms+ers
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- of ancther Vulcan. As a result of this positioring -=quirz-

> ment, Vulcans are rormally deployed in pairs or in pla<cor

{: strength units or or arourd th2 asset being defended.

SI Vulcan's major steng+«h is i+s dual capability agains:
ES air or surface targets. Madjor limitatiorns of the Vulcan
- . include its lack of armor protec+tion, depeadence on the

~. M-561 £for mcbility, limited amamurition load, and iimized
Eﬁ range fcr aerial targets.

;ﬁ The cther ai- defense weapon organic <¢ <he airbcerne
o division is tha2 Redeye missils. Redeyes is a man-por+able,

] shounlder~fired, air defense, infrarad-seeking, guidad

f? missile sys*em tha* is normally dzsployed in tzams of *=wo

- individuals each. I=< has an effective range of abou+ 3000
meters. Engagemernt ranges and zffactivenass are dependan<

- cn such factcrs as the speed, size, aspect, aad al<i+ude cf

. the target. Reaction “ime £for *this system is abou<t %21

.@ seccnds.

" The team's prime movar is an M-151 jeep. The vehicla

carries the t2am's basic load of six rounds, the team's

comba* ccmmunica*tion equipmen%t, and ths “cam's “wo

- personnzl. :

The Redeye weapon is also a fair-weather, dayligh+s air
defznse system. The weapon has no capability to engage
ground targets, and ccntrsibutes lit¢la <o night perimeter
. sacuri+y,

Mutual support for a Redeye *2aam 15 accomplished by
pcsi<ioning a Redeye team wi-hin 2400 me*=rs of another
- team. T¢ insure zarly engagsem2rt of cthe *arget, Redeys
teams are usually placed away frem the2 critical asset. This
= posi+tioning requirement provides the brigades area with mo:o2
of an acea air dsfense coverag2. This sama regquiremen= alsc
the %eam more vulns-alkle o enemy g-ound fire. The

€

.
I N

s
Redeye tzam rormally cperates one edzye missile at a =i
e thz2 gunnar is preparing <he missile, the team lsads:c

PR
e
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is supe-vising the gunner and scanning the skies for
targets. The t¢eam leader is also a qualified gunner; <here-
fore, the team has the potential of launching *wo missilzs
simultanecusly.

Redaye's major strengths are its light weight and easy
d2ploymen*t capability. M2ajor limitations of Redeye include
*he "smcke signa*ur2" of *he weapcn when fired, <he "+ail-

n

chase" natur2 of “he weapon, and the limited possibilitie
i

@D

for mul-iple firings at a given “arget. The smcke sigrazur

cf *he weapcn is a smcke trail the weapon leavas as i< mo

<
n

2
from th2 launch area to the taz-get. O+ther targets in the
area can usz this trail as a means of locating and dirscting
suppressive firze on the Redeye *eam's position. The xail-
chase ra*urs of *he weapon has to io with the weapon's
infrarzd-seeking device. Most high performance aircraf+s!
engines emit their exhaust tcwards the r=ar of the plans.
The Reda2ye weapon seeks the hottest ac2a of this exhaus*
which ncrmally is the rear edge of th2 engina. As a -esult
the missils tends to fly 2along a curvad path ending wi*th <he
missile "chasing" the *arget from behind. This %4ail-chas=
natuce of the Redeye has two possible weaknesses. The £irs=
is that ficr a tatget to bz engaged by Redeye it must have
alr2ady pass2d the Redeye's positicn and be moving into “he
asset aczea *o deliver the airczafzw's ordtance. Ths seccnd
ocssicle wsazkness is *he r2sul~ of tecanological develop-
ments; scme ai-craft can simply outrua <he Redeye missile.

The limited pcssibilities for multiple firings is the
furnc+ion of +he zumber of mambers oa +thée team (twe), 2nd the
tim2 required to place a Redaye missilas into cperation (ten
s2cornds). Normally, *h2 maximum number of firings pe:
target will be two.
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J. DESCERIPTION OF 18-HOUR SEQUENCE

The 18-hour ssquenc2 is a predatezmined order of zve

«t
n

»

-

b

that insures the deplcying fecrce conducts its preparatic

chrase in an sffective and complete fashion. How well <=he
personnel of the deploying force understands the segquernc?2
will determine partly how e2fficient the unit is in its
deployment,

The material for this section was ex=racted from =he
Readiness Standard Operating Procedure (RSOP) of *he 824
Airborne Division dated Fabruary 1981.

The 18-hour sequence starts by notifying <he d=2ploying
uni+ cf i+*s mission. The time of notification is called
N-hour. The standard operating procedure for the 18-hcur
ssquerncs is:

N-=hour

1. Unit recieves notifica+io essage of exercise.
acy to nctify_ all

essa
eturn to their place of
1ls

n
2. Unit starts procedures a2¢
-
a d "recall prccedures",

gerscnnal of the uait =o
u*y. This is normally c
N+1:00

1.

(=

it continues to assamble personnel.

3
|+
N
o o
o

-

b
L]

gade ccmmander briefs his subordina*2_ command
he upcom ng exsrcis (this is normally calle
ng Order or a tenvat-v- grournd glan). At =
n- there are s+ill many unrdanswvere .

‘oL Ow

questions

=z
|+
'S
an
o pn

-
[ ]
W HODIHNCAQD w oM

ng area is opened, A< this =<ime the exact
as rot been desig na*ad for the exezcise,
: ersonnel at <+he '*g site can start some
iminary preparation. Th3s repvaraticns could
1clude assenkling pla*fo*ms “ing materials
cegsary to secula equil pmen{ °3 “he platforas, and
awiny parachutes £rom storage warehousas.

tem
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e

B
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5.

igad2 ccamander brisfs his selected ground *ac*ical
laf, At +his point the brigade commander will have
ecided who is going, and wha< squipment is gcing.

2. Sutordina+t? ccmmanders issue instructions <o their
units.
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designated egu;gment begins to mova <o *he
gznq drea whefe it will de prepared for aiclard,
S, or h2avy drop.
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1 gf arachytes.,  Parsonnel preparc
ual weapon and equipmert for <the

o his includes taping loosa szraps
n . and rigging _equipment so that
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A0 H«t
o'H-m 11

9
b
i
A
N+8:0
n
h
E
a
a

BQOMmE
*3Ew3
P Qe

I
4 -
-

2
as

S ot

Iz
1+
=Y

-—d
[ ]
X}
(=)
(=
L]

()
pOSe

clani,

girg. ar ca

aquﬂpm nt
Fotce

roH
thtto8
RN
™ Hha S
et ot
[+
S0 A0

WPty
no

ng acea. The
r2 made avaﬂl

0 n O b
0t
0O O et
g [V XL

(7] 1
DOPOD
ket 0

W
ﬁﬂlﬂ t‘-

1=
i+
[ =Y
3 lon rotct b

-—
L]
=R

d comkat equipment for the deploying force
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it rscnnel start the process of putting or their
dividual parachutes and rigged individual equip-
nt.
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personnel are properly -igg=d with their rpaca-
B

1
uteés and ready *o be lo ded.
T

N
.

sonnzl ace loaded on their designa<ted airplanes.

t alrglane is airbcrne followed at 30 _seccnds cr
Eg;be *ntervals un+il <the deplioyiag force has
an of

As with all SOPs in *he 0. S. A-my, =-hese are guidslines
+0 be used *c incrszase *he smoozhrnass of the cngoing even<,
There may be occasions whare ths guidalines amus*t bs modified
+0 accomcdate 2he current mission. Tha division commandez,
in <hi

s situation, is the individual <hat will approve all
changes *c the SOP. Urnless a change has been approved by

“ne prcper authcrity the SOP should be followed to the
letztar,
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IIY. MULTI-ATIRIBUTE UTILITY NEASUREMENT (MAUH)

The purposes of this chapter is to sxpound ¢
areas. The first area will direct the reader =
the works that emphasize -he advantages of haviag a judg-
mental mcdel 2ssist a decision makar in developing his plan
of action. Mapy of the advantages or objesctives cf ths
judgmen<al models a2 desirabls features for a model €fcr
selecting equipment for air defens2 purposes. The objec-
tives +hat ccincide will be covered in scme detail in <he
+2x%, and <her explicitly restaz=zd a* the end of the

sacticn.

[1h

The seccnd area will provid=s a brief, informal =sxplara-
tion of mul%i-at+ribute utiliry measuremen= (MAUM) iz+==rd=4
to familiarize the reader with the basic p-ocedures. Thsre
are mary versions of MAUM in use roday. While all are Lased
on the same tasic ideas, “he de+ails of implementaticn vacy
from ¢nz <¢ ano+ther. Dus to <he aumerous variations a

detziled a2xplana*ion of each varsion of MAUM is nc= fzasi-

hird area, the version of MAUR selzc+ed feor <«his

-

=]

ct
e

[ el ]
t

will be explained in mcre detail. The version

select2d for *his <hesis, Edwards' 10 Step MAUM called

WSMART", is a *quick and dirty' variant of the %echnigque.
T

As Gardiner and Zdwards say, it,

- «esis criented not toward mazhematical sopanis=ication

5 or_iatimacy of relation betweser unde:lxlng formal s:tzuc-
“uzes apd the practical preccadures that Zamplemen+t then

i but ra+her tcward easy cOmmurnicazion ard use in envizen-

) men%ts in which %time is shor+ and decision makers ars

D busy. [Ref.
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Edwards and Nawmann [Ref. 6], introduced SMART in 1980.
This varsicn of SMAKT is a modification of zarlier <«zchai-
ques intrcduced by Edwards in 1971 aad 1979.

Edwards' approach was selacted £cr the fcllowing
reasons: (1) it has the great advantage of being casily
+aught =c and used by a bhusy dacision maker; (2) i%s £fra
vork applies to mos* MAUM procedurss; (3) it meets th
charact2ristics Little [Ref. 7], stat=ss are necessary fo

e-

model t>o> be useful ¢¢c management. According +o Lit=lsz a
mod2l should be simple and easy *+o unders=and; a mcdel
shoulé be easy to communicacte wi<h; a model should be rcbus=
(an user shculd £fiand it hard *o make the model give bad
answers); a model shculd be =asy td control (behave the way
*he user wants it to); a model should be adaptive (sasy tc
update); a wodel should be complate cn impor=ant issuss
(opcimal level cf de*ail). According zo Little,

s..al _important aid to completaness

. _ is th2 incorpora-
ticn of subjeciive judgmen:z., ([Ref. 7].

But why dces an air defesns= commander (especially a ta

ot
ot
W
1
85

ccmmandsr) aeed 3 model? Thnis point will be eoxamined first.

A. OBJECTIVES OF THE AIR DEFENSE MODEL

The purpose of this szcticn is zo discuss those cbjec-
tives of modelling that are2 tc be included as objectivas of
+h2 air defsnse model. These objectives are:

1. Tc develcr a planning model for crganizing +*hcughts;
a2 framewozk that, cnce compietead, will assist *“he ai-
defense commander ia coamunica=zing his -ecommenda-
«icns -0 his superior.

2. Tc AdAevelopr a model tha+t emphasize the -ole of judg-
aernt,
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3. To develop a mecdel that can be adapted «o vaciosus
situations.
4, Tc develofp a2 model that is simple and unders=aniabls.
This thesis is developed c¢n =he prsmise that a mcd
which includes the intaraction of the individual's ju ent
as part cf *the model system will produce rasults which ara
suparicrz to the situa*ions wherz (1) <“he individual celi

"
m

solaly cn his intuition (based on mili<ary Jjudgment cc

experisnce), oz (2) the indivijual relies oL staz=istics as =2

means of prsdicting, c¢r (3) “h2 ipdividual r=2lies or +he
processss of 3 model zlone. As Holt concluded:

«esa seaxrch of the literature fails <o reveal any
studies in which cl*nlcal_judqmen:,alone has be=arn shown
to Lo superior to statistical przdiction whan bo*h a:ce
based ¢a “he same ccdable inpuf variables. [Ref. 8].

The subjecz cf intuizion alone versus model-plus-
judgment has received much emphasis ia recen= years. This
sscticn will review some of *h2 arguments. The internt is
Lot *c ccver or summarize tha 2ntirz works of “he many
authcrs cn =ither side. An interested resader who desices
*he benafits of an elaborate discussion is encouraged <c
start with Faul Meehl's bcok (Ref. 9], or Dawes' a
[Ref. 10)]. These ceferences will di-=2c* -he ianterestzd
reader to aumezous other 2rticles andé books writte

In his study of crganization, =dzlman [Ref. 11) providss
an in%terssting ccmparison 0f <hs gJuali:y of managerial dsci-
sions ia a cempatitive bidding situa+isn, with and withcu+
the use ¢f a judgment-based modzl. 1In ssven %ests,
managers-plus-model wen th2 bid, wnil2 managers alone won
only thzee., Th2 mod=2l uszsd was ext-emaly simpls and did

li«=1le mcre than assist “he managers!'! own estima~ing procsa-
Jurszs. I+« vprovidad organizasion %o a %“ime constraizned and
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unstruczured procass. I+ was assumed by £delman <ha< in
situaticns where time management was critical, managers
thout the model *ended to overlock some importan+< aspsc<s
of bldding, whereas those wizh *he modsl had ar established
procedure t¢ £follow. This es*ablished procedure assis<zd in
prsverting accidental oversigkts, ard in the lorg rur
provided the decision maker with bettar estima<es. This is
one of ths cbjectives *o be irclud=d in the air defernse
medel: tc develop a plannirg *tocl for organizing *hcugh=*s.
This model will assist the battery commazder ir organizing
his estimates (to make the most us2 ¢f his *ime). By
working thrcugh <hz2 steps, the air defsnse mcdzl will ssrve
as a chacklist, a memory 2id %o insure he will no< overlcck
vere time limizatiorn.

n
w

ac importan= planning element in his
The air defense model will also bs 2 support dccument which
the ccmmardar will use as a referance in pres2ntirg his
ideas in an crderly fashion.

Anc=her study, dcne by Lit<le [Ref. 7] iz 1975, cesulted
in +hs design of the Erandaid systsm. The Brandaid system

de

[+ ]

interactive D=cision Support System (DSS) *tha<+

[y
71}

n
=
Lo B
(o]

r=s the decision process in commercial marketing, clan-

n

P
ning, and es+ima“ing overall pronfitability. The main
fsa<ur2 of +he Brandaid system is its 2mphasis on the role
of judgment in the decision process. ittle fourd tlrax
managers generally have a good understinding of the dynamics
of <he market, cr at least of the intarr=2lationship amorg

=S compcnents, *aken in pairs. But they ars no* capable of
det2rmining +he full interac=ions of differen+ componsn*s
simultanecusly. Acccrdiag to Littls, by forcing 2 guan+i<a-
=ive technique, Brandaid encouragss menagers to become more
explici+ and agalytic in their problem solving, bu+t i+ s=ill

trcngly T'e’i s upon thei- experiences, kacwledge bass, and
pzrsonaliized judgmen*. This highligh=s another cbjective o
ke included in *+*he air defense modzl: <o develop a =ccl for
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analysis tha+ emphasizes “he role of judgment irn descisick
makiag. The air defense model will 2ncoucags commardzrs (by
working through *he steps of the model) to become mcr=
analytic in their: prcblem-solving abilitiss. I%t is a acdel
<ha< will rely heavily upon the air defense commandscs
exparencies, judgment base, ard mili“*ary iantuition fcr the
final decisioms.

The air defense model assumes that +he air defense
conmander will have a good urderstanding of <he principlszs
of air defenss, bu%t L= may require som2 assistance in
comprehending the many interrelationships among them. Ry
working +through the steps of the model, the commarder will
be forcad tc analyze2 the interdependexciss of the princi-
Fles, “c sxercise his judgment base as to whazt principlses
are or are€ rot important, and %o plac2 a valuae on the prin-
cipies in <he current situa+ion.

The air defense mcdel will also allow *he ccmmander
ibility in the chcice of input pazameters. This is

sary <o insure that “he model will be adaptable so as

o

1]

ndle all the various wezld-wide scenarios awes

ct
ot
1]
t4

s
a

concluded that, althcugh models in general ar= be a+
2g

ra<ing irnformaticn,

.s,.the mcde]l cannct rsplacs th2 2xper< in dec :ding such
things as "whai to look fcr." P2 ople ars imper+ant
The model may in“agrate the informatios in an cp‘zmal
mannez, but i1t is always <he individual who chooszs
variap €s,, 6 Moreover, it is the huma:z g dge who krecw
the d;:ec*ional,rela‘*oushlp between < gr edic+ticn _
vaciable (a**rlbutesg or who can code the variablss irn
such a wav “hat t ave cl2ar dirzctiornal :ela‘lo
ships. [Ref. 10].

Dawes 21so concluded *+ha+

...mcdels work for a very simpls r2ason. People ac-a
gocd 3+ picking ou% the right predictor variablss and a+
coding <them_in such a way <tha=w <they have a condi=icnally
mcnctcne 'elat-onshlp with <he c¢zitarion. PeoDls arce
pad_a< -n‘egra ing informa+ion from diverse and incompa-
rable scuzcés. Models are good at such intsgra+icn.

(Ref. 10]-

w
w
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The f£inal objective of the air defense model is suamar:r-

ized vecy precisely by Johnson

3
4]
(o1
(1)}
4]
n
[~

eeed decision model needs to _bs uncomplicated
to undsrs+tand-simple. ([Ref. 121

- Edwards puts 2 great amount of smphasis on the simplicicty of
his technique {Raf. 13]. While this m=“hod may lack the

: *heoretical elesgance of techniques proposed by Raiffa

3- (Ref. 14] or Keeney [Ref. 15], it has the great advantage o€

?J being easily learn=2d4 and used by a busy battery command=zr.

.
"ll =

Barthc¢lomew concludes thax:

R Sl A
-
K

ore effzctive in +he
to_be heeded siaply

'ndged a simple modsl
i unders+and and

€ rasults may bz n
management find it
e mofe acceptable.

O B

Keen [Ref. 17 ] describes 3 desirad managerial dacisien

JS mod2l as teing:

«+sv2ry simple and crude, rather than mathematically
sophisticatzd. It is often_ based on aeuristic rules and
standard procedur=ss for analysis.

o Summarizing +the aktove comm=n%*s: a mcdel should provige

' a forma*+ for organizing ideas; a modsl shculd allow for the
Ii maximum use of judgment; a mod=2l should 2ncourages a mo:re
analytic analysis; a model should be flexibls; and a model
should be simple to understand. Th2 cesulzs of a judgmental
< model are mcre likely to b2 us2d4 and undarstood by manage-
men“-, acd to be more reliable +*han in+tuition.

»
+
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B. TBE EASICS OF HMAUNM

A

ez C., Gardiner said:

g P

m

The essence of multiattribute-utili-y measurement, in
ang O0f its versions, is that each outcome to be svalu-
ated is lccated on each dimension of value by a
pro¢edure tha+ may consist of experimentation, natural-
istic cbservation, judgment, or som2 combination of
these. The locatich méasures ar? combined by means of
an aggregation rule, most of<en simply a weightad
average. The weights in the weighted avearagé are
numkefs desczibing +he importancé of each dimension cf
value relative to +the others, such numbers are judgmar-
tally cbtained. (Ref. 18].

1+-rhln

Put a li+tle differently, =ach alternative (referzed
to as cutcome in the above) may have value on a number cf
iffarent a<tributes (referr2d to as dimensions in +he
abovz). 1The MAUM technique, in any varsion, is %o discovear
those valuss, on2 attribute a* a2 <ime, and th=n *o aggr=gat=s
tham using a sui<table rule and weighting procedure,
Probably +he simplest and the most widely used aggrsgazicn
rule ard weighting prccedure consists of simply taking a
weighted linear average; this is th2 only proceduce tha+
will be discussed in this thesis. (Re2aders are encouraged
to read Edwards {Ref. 19] for a broader coverage of tae
subject). According to Edwards

«eestnecry, simla<«icn compu+ations, and_experience all
suggest that weighted linear averagz2 yield 2x*remely
clcge approximations to very nuch more complicated
nonlinear and interactive functions, while remaining far
easie: *0 elicit and unders+aad. [ﬁef. .

So, what are the tkasics? Simply stated they ace:
1. Idsntify +he decision maker.

2. Idantify <+he purpose of <he decigion.

3. Idenzify *he altarnatives for <he problenm.
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4, TIden=ify *he attributes of interest for the par<«i-

' cular problem. Edwards' {Rsf. 20] rul=2 of thumb is
<hat eigh+% attributss is planty and fifteen a%z:oi-
butes is %20 many.

5. Rank *he at+ributes from mos+ importaant *¢ leasz:
imper+ant.

6. Rate the attritutes iz importance.

7. Measure or estimatz the altsrnacives of intsres<t orne
at*ritute at a tire,

8. Sum *he measures assign=d +o sach alternative.

9, Decide.

C. SIMPLE MULTIATTRIBUTE RATING TECHNIQUE (SMART)

This version of Edwards' MAUM was sxtract=d fronm
Gardineczt's article [Ref. S}. This implemen
simplici+y.

St2p1. Ilentify <the persons whose utili<ies are %0 be

B
m

maximized-ths stakehciders. A staksnolder is simply a:x
individual with a reason to car= about thes decision, and
with enough=+ impact on th2 decision maker so +tha+ the reason
should be *aken sericusly. The basic question here is
"Whose Utili4«y?" 1In +he air deofzanse problem, *he brigade
commander is the only stakehcld=ar considered. The ai:r
deferse bat*ery commander, the 3ecision maker, develops 2
racommendation ia expectation of optimizing +he brigade
commander's combat capabili+y.

Step 2. Identify the reason for the dacision. For wha+
purpose is the evaluation being made? What is +the reascn
for assessing the decisicen makert's prefersnces? For *he 3ir
daf2nse prokism, *he reason +<he decision is b2aing mads is tc
ocptimize the brigada's combat force and thus increase

cigade's likelinood ¢f success with its mission.
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Step 3. Identify the alternatives to be 2valua<ed. 1In
the air defense model o be discussed in Chap=sr IV, zhszre
w2ll ke nc mere =han thrse alternatives. These alterna<ives
could include all Vulcans, all Red=yss, or a combina+ion cf
the two weapon systems. The actual quantities for each
weapon altermative will be sta+<ed a% the star*t (¢.3. Six
Vulcans versus six Redeyss versus three Vulcans and +hree
Redeyes). This way *he resul: of “he aggregrated rcule will
represen* a measure cf effectiveness (MOZ) for sach aiterna-
“ive. Thes commander will then havs & means £or comparing
*he al*erra+ives.

S+2p 4. Identify thes relevant dimsnsions or a*tributas.
Wha+t a“<ributes are imporran< %o the =valuation of *h=
alt2rna-ives for this particular sceneric? As was mentioned
in *he las+ section, the number of at=ributes should be ksp+*
*o a pinimum (eight was recommendei). I+ is impor<an< nct
*0 be =zco exparsive at this stage. The number of attri-
tutes shculd be kept down fcr rz2asons that will be appacant

1in

shortly. This can »often be don2 by restating and combining
at<-ibu+3s. 1I* can te don2 also by simply omit*ing the less
imper<an% ores. The inten% is no+ =0 2volve a complets
list. The attributss for the air def=snse model will bhs

considered in Chapter IV.
St2p S. Rank the at“riltutes in order of Impor+tance. In
+he air defens=2 rodel, for exzmple, & comman w
hzavily wocded area wigh% consider <he effects c¢f %=2r-ain
ard veg=tation mor=2 impor*an+ on his air defsnse design
+han, maybe, logistics or vulnerability of weap
Ste=p 6. Rate a<tributes ia impcrtance, pre

ratios. To do this, stac* Dby assigniag the 1z

oo
o

a=tzitute an impcrtance cf 10. Now consider +«

}4
th

next-lsast-impor+*ant attribute. How auch morz impor=an* (i
ar all, “he model allows for *izs) is it than “he least-

impor<an+? Assian this attribute a number that reflec*s
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that ra+*io. Con=inue on up the list, checking sach set of
implied ratics as each new juégmen< is made. Thus, if an
attribuze is assigned a weight of 10 while another is
assignad a weight of 80, it means <hat the 80 attribu+e is
eight times as important as the 10 at+ribute, and so cn. By
the time th=2 las<~ attribute is reached, there will be nma
checks tc perform to insure tha+t the iaplied ratios rcefl
what +he decison maker intended. TIypically, decision makers
will want tc revise previous judgm2ats to make them consis-
tent with present ones. This step in the air defense mcdel
is whers the mod=l fcrces the air j=2fans2 commander to
conduct an informal aralysis. Each a<trzibuts, (eg.,
+arrain) its importance *o the scsnario, its importancs tc
overall mission acconmplishment, and its impor*ance relative
to the c+ther attributes reeds <o be consider=d. H=ie is
where the ccmmander's experience and judgmen=z come into
play.

Step 7. Sum th2 impcrtance weights, divide szach by the
sum, and multiply by 100. This gives 2ach attribute anx

importance sating between and 102 sach that the sum of <he

0

ratings =squzls 100. This step is pur=ly ccmputational. The
choice cf a 0-+*0-100 scals is arbitrary. A+ <his s<ep *he
folly of including %co many a<tributes in Stzp 4 beccmes
vary cbvious. If 100 poirnts arz %o b2 distributed cver a
szt of a*tributes, and some attributes are more importan+
*han c*thers, then the less important attributes will have
gsignificant weights c¢nly if ¢h2re are a limitesd number cf
+hem. Again Edwards'® cule of thumb is “ha* =2igh* a<*ributes
are plen+ty and fifteen attributes are too many.

Step 8. Measure “hs location of sach alternative being
evaluat=sd on each dimersicn (at«ribute). This measuring of
+he lcca*ion of an alternative for =2ach az=<ribute is

commenly cteferred <0 in “he lizerazure as devsloping aa

u+ility functicn. The discussion 2f utili+y *heory (or




develcpment of u+ility function) will not be covered In =-hiis

+hesis. An interested ceader could s=art his study by
rzading Keeney and Raiffa. ([Ref. 21]

The technique of utility +heory us=2d4 in SMART is called
direct assessment of utilities by Keensy arnd Raiffa
[Ref. 21). It is called dirsc: assessment siace it requires
2 subjec*ive input from the decision maker for each mesasure-
men+t, It assumes, with the completion of Step 4, +ha< the
decision maker rzalizzs ths reason for assessing his prefer-
ences (cxr developing the numeric measure given for each
alterra+iva) and is sufficiently motivated to think hard
abou* his fz=elings fcr the various al%‘erzatives. I“ mus:t be
und=rstood there are no cbjectively correct preferences, *hs
measurements represent the subjective feelings of “he deci-
sion maker. If, at any time, the decision maker fesls
uncomfortable with any of the measurements, it is perfec+ly
correct for him to adjus+t them. It is also zssumed tha*
each c¢c£ +he alternatives can be adaquately described in
tzrms of each of the attributes. The measurement scals
zecommended by Edwards [Ref. 20] is a straight line proce-
duare. Thks decision maker associa<tas with each al<asrnative a

real nuaber cn the scale of 0-%0-10 that indicates his
subjective appraisal (or estima*e) of tha position on that
attribute. The crientation ¢f the scale is crucial to the
d2cision maksr: Are higher numbers mors or lsss desirable?
In the aiz defanse prcblsm higher numbers are more desirable
+han lower rumbars (that is, more is better “han less
throughcut th2 range of the at=ribute).

Edwards' recommendations also include limiting the
measurement region tc¢ a small and rszasonable area. This
limita*icr vwas done fcr convenisnce more thaa anything else,
but Keeney ard Raiffa [Ref. 21] poin* sut <tha* this rangs
n2eds tc ke meaning€ul to “he decision makar. They reccm-

mend along with bounding the -3gicn +hat the decision maker
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set +he u+ility for two of the alternatives and evalua<s <he
othar alterratives in terms of +he first two. For <=xample,
wx" alternative is mcre pre ferred than all the other al<zz-
natives, so "X" Is given a ten., "Y" altsrnative is ths
least praferred al+ernative and is given zero. Th=
remaining alternatives are then assesssd (or measured) cela-
tive to thcese “wo. The advantage of this option (refer:ed
0 later as the *wo fixed end op*ion) is that *he user rnzads
to spend little =ime deciding on what utility (or measurs-
ment) *o0 give to =2ach al+srna*tive for each a<4ribute, For a
given az+ritute, the decisicn maker iaformally ranks “ae
altermatives from best to wors<. The bes%t is measured <=2,
+the wecrst is measured zero, and +ths middle al*ternative cr
altzrnatives are measured rela<ive to th2 two established
end pcints, Thics option gives the user swifc ard prompt
measurements.

The disadvantage with this option is the rigidity of <he
measurement procsdure. The Jdecision maker gains speed, but
forfeits the flexibility of developing measurements commern-
surate with al“ernative's relative werth. Tha%t is, he loses

+he abili+y +to0 consider the explici< %“radeofis hetween

alterna<ives. Various options sxist which allow the deci-
sion maker *o trade speed for “ime. One such option is to
fix one end point of the measurement r2gion, the upper =xad
pcint (in Chap*er IV +his is called “h2 single fixed
opticn). The best al+tenativa is mzasured ten, and the
ramainiszg alternatives are measuced rz2lative to the best.
The lcwar =nd poin%t, zero utility, is assigned *o an imag-
inery or theoretical alternative that con*ributes
(practically) nothing *o this attrzibut2; i+ may be tha= 211
the actual alterna+ives have scorss gr2

advantage her2 is flexibility ia developing measuremeants
commensurate to the al¢ernativs's -2lative worth. The deci-

sater ~han zerc. The

sion maker gains the oppcrtunity o consider +he “radeoffs
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tetween alternatives in making his measuremenzs decisiorns.
This cpticn is slower to use *han the two fixsd end point
cption, but the disadvantage of th2 rigidity of the measure-
gent prccedurs is alsc less.

Another opticn is to assign neither end point tc any of
the ac*tual alternatives, The decision maker mus< now
imagine a (practically) worthlsss alternative and assign it
a score cf zero, as above, and he mus%t also imagire a (vrac-
+ically) perfect alternative and assign it a scorz ¢f *en.
Then all actual alternatives will be measured relative to
these twec imaginery alternativas and scorsd accordirngly.
This orticn r2quires the decision maker o spend mores <%ime
develcping his measuremen*ts in thinking about what cons+i-
tutas a ten or z=aro alternativsa. This means (1) the %inme
required “o develop the measur=ments for the alternatives
und2r consideration increases, but (2) the ability <o
consider exrlici*t tradeoffs among alternatives also
increasses.

As an =xample, assume fcr a given attribucte that <

[~
i

H
n

three alternatives +to be measured are ranked best <o w
as "wxw, wyn, 3nd "zn, "X al<ernative is +he bhest, and
suppose "Y" is rated 80% as good as "X", and "Z" is rated
50% as gccd as "X". Using the two fixzd ezd procedurs, "X"
: woculd measure ten, "Z" would measure zero, and "Y" wculéd ke
- measured celative to "X" and "2", say six. The value given
- tc "Z%, zerc, indicates that “zZ" con:ributes nothing =0 <he
attribute being consider<d. This may not be 1 good mzasure-

LA

m2nt Lecause "Z" was assumed o be 50% as good as "X*, and

»
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may actually con*ribute some positive utiiity toward the
attribute. If *his attribute was “he only azzribute being
considered ty the decision maker for this pa-ticular
pcoblem, *hen the prccedura provides the dacision makar with
mcre information ther he -equires “o makz a decision. Ths
decisicn maker is locking for +the besst alteraative; "X

]v'
1@,
.
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alternative is the best alternativas for this one-at<tribuze
dacision, and the utili+ies given <o "Y* and "Z" con*%cilkuts
nothing tc the decision process. The assump=ion that "¥" is
80% as gcod as "X" and "2" is 50% as good as "X" m=2ans
nothing to the decision maker. Buz in situations where
there are mcra attriktutes ther one, the evaluation tha+ "2
as 50% as gcod as "X" may have eff2cts (or tradeoffs) on the
final cutcome that *be decision maker may not reccgnize as 2
result of using +this cption. The importance of ¢his impli-
cation will appear in Step 9 when at=<ribuze sccres are
summed.

To continue *he example, in the above "X" alternative
was measured *sn, "Z" vwas measured zero and "Y" was measucred
six relativs to "X" and "Z". Assume <his was £for a<tztributa
“A", Now assume for a second attibu<e, "B", ccnsider=d
squally as important as *he firs% attribute, <*“he ranking of
the alternatives from best to worst is "zv, "y, and "Xxw,
wZ" alternative is the best, "Y' alternative is 60% as qgocd
as "2", and "X" is 20% as good as "z". Using linear scoring
cver the range: worst alterna<tive 2qual to zerc +o best
altzrnative equal to ten, the following %totals would be

genera<+ed:

"x " " Y" llzll
attribute ™" 10 6 0
attribute "B" 0 ) 10
Total 10 1 10

If the decision makar was to select the bes*t alterna+tive cn
just thase twd at+rirtutes, using th2 zwo fixed end procedure
h: would select "Yv,

h
fixed end cption for sccring. Now the best alternative
z2quals t2a (as above) but the o+her <wo alternativ

&

givan scczes (values) lir2arly p-oportiocnal %o wh

&
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lie between "bes%" and practical worthlessness. Assum?2 =he
decision maker dscides that saying "alternative Q is 2% as
good as best" is equivalent to saying "alcternative Q has P%
of the utility of best (i.e., of t2n)". Then the scocrzs

would be:
- 'lx " " Y" "Z"
attrikutes "a" 10 8 5
attribute "B" 2 6 10
Tctal 12 14 15

These new *ctals indicate that altsrnative “Z" is bes%, and
alternative "Y" is second.

It can be sesn that the choice of whicih scocing proce-
dure to use will have implica*ions on “ha tradeoffs defined
tetween attributas; tradecffs the decision mak=2r may no%t ke
aware of. Thas the decision maker by using *he two fixed
point crtion has gained speed in making his measurements
decisicns, but the rigidity of *he measuremen< procedure may
provide “he decision maker with unexpected results. The
measurznant option selected by “he decision maker will
depend upcz the amount ¢f -isk (risk in terms of obtaiaing
unda2fized tradecffs) +he da2cisicn maksr is willing <c accept
versus the speed desired to make those measurament
decisions.

Fer th2 air defense modz2l, the option using ons
fixed end pcint will be used. This op=ion provides soame
spezd in developing measurements, and some flexibili+y to
consider the tradeoffs between altarnatives.,

S+«ap 9. Calculacze utilities for =2ach al-=ernatives.
Simply add up the prcducts of the Step 8 scorss
("measuremerts®) multiplied by +heir respective Step 7
weigh*s, fcr sach al*ernarive, This ome numbsr now repre-
sen*s “he ultili+«y of each alternative.

LR
a .
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Step 10. Review *the dzcision for accuracy.
Step 11. Decide. A singl2 alternative is =0 be chcesen,
therefcre the rule is simple: <choose the al<erna
sum oktained in Step 9 is ¢ he larges=:.
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IV. AIR DEFENSE MODEL

This chapter has *“hree sactions. The first develops a

. list of attributes. The referencs list of atiributes can be
used Ly the air dafense battery commander as a guide (or
refarence ¢z 2id *o memory) iIn deveioping his list of attri-
but2s (the cnes he desires to us2 in conjunction wi+h <he
air defz=nrse model). Definitions of the attributes are
provided not to imply that <hes2 are +h2 only meanings, but
rather *o create an awareness in th2 user of <he need fecr
establishing a ccmmon defini<ion betwear himself and the
individuals he will ke briefing.

The seccend secticn prasents the working format of the
air defersz model., Within this discussion, SMART will be
modifisd by elimina«ing some s<eps. This will be dcr= *o
rzduce redundancy aand to make the mo>da2l more accommodating
o the ccmbat situaticn.

The fingl section presents an example scenario €£cllowed
Lty a possible solu*ticn o *he situation.

A. MAIR CEPENSE ATTRIBOTES

The ccllection of at<ributes present2d in this section
was deveslopsd by conducting a literature search of current
army ai:- defense documen<s. Th2 1lis%* is not intented to be

restrictive, nor is it prssented <o ths readsr as an all
inclusivs list. The purpcse of ths list is to gquide <he
user of +he model and assist the air defense commander ir
develcping his own list based on ais judgmen%, air defzrse
experiance, and military intuition. Some of “he attributes
presen“=d here have been 32fina2d in pravious chapters; thase
definitions will be repeata2d hare for the convenience of +he
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reader. Some of ¢he defiri+ions will be expanded tc prcviis
the reader a fullser and more compra2hsnsivz meanirng.
1.

cation cf a sufficient number of air defense weapons

llc-
-h

Mass. Mass, an air defsns2 principle, is =khe

a
pe

(U]

defanse c¢f each priority asset to adequately protect iz
against the air- threat. This principle appliss %o all air
defeonse wearons. It entails the p-ovision of mutual suppcer:
or overlapping fire fketween weapon systams and all-azound

defense in depth. Mass sseks to establish a favorabl=s ratio
of defensive weapons to attack aircraf:t in +thz pro%eczicn of
asse+s that are critical to the supported force. The in+:za+
is to be able to maintain a coatinuous volume of

The

deploy shkert-range air defense weapons in pla*oon-sized
0

of mass
fir2 on any attacking aircratf:. g2neral rule is
uni<s around 2h=2 protected asss2t. Th2 deplcyment
range wsagcns in less than platoon strength zisks %he
sequential or simultaneous neutraliza+ion of both +he air

defense weapons and the defended asset by aircraf= at«acking

22].

mcre air dsfenssz is always betzer,
still; but +*o

dJefense commander is *hs individual whose

in aumb=r [Ref.
Ckvicusly, and muct

2ven bet<*er ~ak2 more must cosz

The
judgmen~ mentaliy measurss the marginal cost of additioral

more is scome-

thinag. air
the uncer-
He

wsapons against marginal b2nefit., The risks of

tain environment (comtat) he is entering are very ceal.

would prefer to hedge his be+ wi<h massive quantites of

2aquipm2nt but <%he ccnstraints of -eality force tha
t

cemmander ~c make trade off decisions between what is rceccm-

mended ty the general rule (the classroom *hk2ory) aad wha<s

is permissiktle by the real world. Giviag up a li%**le mass

could mean a defense design that is less +<han perfect

(according to the definition of mass), but r=alizy requices

<he missica %o be accomplisha:d. How much of %“he mass

orin-

ciple «o0 include or nct %o iaclude will be a decisior <haz

is a func+ticn of “he ccmmander*s judgament and experisznca.
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2. Mix. nix is the s2mployment of a complementary
family of weapons. The capabilities of one system offsat
the limitations of ancther system to preavent the air- thresat
from defeating any particular weapon system [ Ref. 23]. The
mixing of complementary vweapon systems gces hand-in-hand
with the rrinciple of mass. By employing a vari=ty of
weapcn systems in sufficient mass, air defense complica*es
the protlsm of the @nemy who must cornsider the charac=eris-
tics of sach weapor system in *he £c-mulation and execution
of his »~ffensive strategy. The enemy may be able to design
his tac=ics ard zechniques to wmiaimize the effects of orne
defansive system, but when faced with two or mere air
d2fense weagons, his price of admission into the defended
are2 rises {Ref. 22].

3. .. ility and maneuverability. Mobilility of <the
2rzcz 1s +he capabili+y <o aove from place to place

£
¢aining *he ability <o fulfill i<s military mission.
£ilisy cf a weapon system is an indicaticn of its

e
uvera
abili+y ¢c¢ change its positior in a *actical situation ir
order %o sszcure an advantagecus offensive or defsnsive rposi-
*i01. Mareuvar is +h2 tactical employment of mobility. Air
dafsrnse weapons mus< t2 mobile on the ba<ttlefielld +c aprly
+he principle of mass and mix. Continual movement of air
defense weapons is required =c provide prctection for the
brigads 21s¢ments, *o accommodate chang2ss in missions, and to

enhance the survivability of <he air defense weapons in both
the ground and air battle. Mobility will be affected by
envircnmental factors (e.g. =errain and weather), and
vehicle characteristics (e.g. *ractive force, range, speeg,
reliakili+y).

4. In+tagrazion. In+szgration means that the ai- defzrse
design aus+ fit into *he overall plar of the brigade <o be
cffective, The best way to define integratioa is by an
exampla: <he defensive squad of a football <cam. Ccnsider

u9
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Jus< the defensive backs and “ackles; ignore =he rest cIi the
squad. In this simple example the d:zfansive backs pro+tsce
the air and thus prevent the coppesing team from moving +he
ball. The tackles protect ths ground averue cf apprcaches
and thereky prevent the opposing tsam f-cm moving =<he ball.
Together as a squad +they prevent th2 opposing team from
moving the ball or scecring. The desfensive syuad's overall
missicn is tc stop the opposing cffsnsive; thsy accomplish
tals ov=zrall mission by insuring that =2ach irndividuwal player
kas +he ccrrect understanding of his 2xpected rasponsibili-
ties that he is *“o accomplish frca thes coverall plan.
Int2grated action is best accomplished by insuring +that
subordina<e forces have <he correc: understanding of their
assigned missions that they are expect=2d to accomplish in
suppcr* ci the overall mission (e.g. air defasnse units
pcotec= the air over airfield X, and the infantry pretzc=s
the grcurd around airfield X, not aic-field Y. Togexher <he
force prctects airfield X). In summacy, integration is
individual elements werking in unisoz towards 2 common goal.

S. Ealanced Defense. Balanced defense is a2 defanse
designei “c cope with at“acks from any direction wi+h
apprcximately the same volume of Ifirs.

6. Wzighted Defense. Weighted defznse is a defense
designed *c place a greater amount of the air defense
weapons along expected routes or forc=d air avenue of
approaches leading into <he protectsd asset area (e.g. an
airfield locat=d in a desp valley which rsducas the prokb-
abili4y cf attack frcm scme direcrtions). Of course,
weigh+ting the defense unavoidably =-ssults in some degrada-
tion in defznse balance, another tradas off decision.

Fac*ors that could influence the air dza2fense commagde:'s
decisicn include terrain, vege+«aztion, and characteristics of
h2 defended assat (tctal arsa of asset, gensral share of

asset).
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7. Mutual -Suppor*. The principle of mutual suppor+ is
the positioning of each weapon system so that its dead zore
(the arsa in which *he weapon canrnot s=ngage a targst) is
within the engagement capability cf at least one adjacent,
lik2 weapcn system. To be mutually supporting, Vulcans'

. positions should be separated by no mores thaa 1000 meters,
which is two-thizds maximum <eff2ctive range of the wearcn.
Mutual support {or Redeye is 2400 mestars, which is 80% cf
the range a% which a *argst can b2 positively iden<ifiad by
an oObserver with the naked eye.

8. Overlapping Fires. Overlapping fires is the ability

0

DA}
v

of one weapecn's angagement capability to overlap the engage-
msn+ capability cf an adjacent 1ika weapor.
9. Air Threat. Air threat is that combination of

aals T

airplanss, helicoptesrs, weapcens, and tactics the eaemy is
capable of employing against the friesndly ar=a. For +his
attribute a commander may wan* <o consider quantity of airc
assa2ts available to the znemy; location of 2enemy's air bhassas
ard flying time to friendly lccation; and “he traiaing lsvel
of ~he 2nemy's pilots.

K 10. Terrain. Terrain is definsd as the physical
features of the ear+*h. The following items will be consig-
ered wi+thin this definition: 1<r21i2f (the elevations of the
land surface, such as mountairs, and vall=ays), drainage
(rivers, streams, lakes, swamps, marshes), surface matarials
(soil, aud, rocks), man-made objects (roads, bridges, dams,
cities), and vagetation. PFor +his az<cibute a commander may
want 4o ccnsidar how terrain may effect the firiang pcsitions
cof the weapcns (fields of fiz2, observation); the effects of
terrain on the enemy's avenues of approach (open area, moun-
tains, dense forests); the effacts of <ercain on rasupply
op2rations, command and control, and security.
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fﬁ 11, Weather. Weather is defined as a condition cf <he
atmcesphere with respect *o h=a%* or cold, wetness ¢ dryress,
clearness cr cloudiness. In +his situation a commander will
be concarned about the effects of wea*her on visabili<y. 1If
a target cannot be seen, it cannot 2ngaged (by SHORAD
Wweapons) .

12. Keliability. Reliability is defined as the weapor
system's chance of successful operation for a given applica-
tion (engagsment or engagements) for the statsd time pericd.
In “his situarion the stated tim2 period is *he duration of
_ the mission., Other factors that could be considered here
- are: *imes required fcr system reload, time requir=d to
conduct sch<sduled maintenance, stae of *raining of the
a5 squads, and availabilizy of r=pair partis.

13. logistics. Llogistics are those capabilities having
to dc wi+h procuring, maintaining, aad transporting material

and perscnnel.

14. TCefense in depth. Def2nsz in depth is th= posi-
tioning of one air defens2 weapcn in front of another., For
example, Redeye are deploved out £rom zhe asset 2 o 3 km.
This will usually place Redeye in Zzont of +tha Vulcans!
positions which are lccated very close to the asset, The
purpose cf defense in d2pth is to subject an air threat ¢
an ever-increasing vclume of fire from the momen= it is

detectzd and identified as hos<ile unzil it Is dsstrecys=d.
e

ct

15. Characteristics of the asset. Charac
the asset are such +things as size, shape, hardin
fortified “he asset is), 2and naturz of specific targe=s
within the asset. Tbkese charactzsristics will affect +h=
defanse design and *he 2nemy's method and dizection of
at*ack., For =2xample, 2 small asse+«, such as a bridge or

ammuniticn s*crage area, will generally requir2 the enemy *o

use more accurats delivery “=chniques. A larger asset, such
a

. as an airfielil oz portion of a city, tends “c increase <he
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number of enemy attack op*ions. The nature of specific
targets within the asset can be desc-ibed as homogencus o:
het2rcgencus. An example of a homogenous asset is *he divi-
sion tactical operation ¢snt2r (TOC). The TOC is made up ofF
many <small, but equally valued elemants. Aa exampls o0f a
heta2rcgsnous asset is an airfisld. Th2 specific *argets
include +he airs+rip, *he ccn*trol *ow=zrs, puildings, azi
main+enance area., Each ¢f thes2 elzments probably wculd

have different degr=es 92f importance ©d an uniz.

B. THE AIR DEFENSE MCDEL

This section will prasen<t “he structure of the Ai:
Dafanse Mcdel. The s=<eps of SMART have been modified fcr
use for *his contex*. Additional explanation is provided
for scme ¢f “he steps wh2r2 major changes havs occurzed.

In £igure 4.1 is an exanmpls of the format “hat will be
completed by the command=ar working through th2 steps of <h2
model.

The first =we steps of SMART have been elimina<ed. The
aiz defanse commander is part of the brigade commander's
special stal€, +the brigads ccmmandar will always be the
person whcse utility is being op=imized. Th2 purpose of the
decision is selecting 2quipmen*t for dsploymen% within the
corntext cf “hs ccabat sc

0
cD
DD
' l

Stzp 1. I2entify ;gg of utes. At =his

io.
slg ART a::
ande

ot 'H
=8 |H-
®m o

poin+ *the air defenss co combat scenario,
*h2 brigade commander's ground %“actical plan, and <he
brigade ccamander's priority list £o5- air- defense. From <he
combat scenario and ground tac+ical plan he knows where hs
is goirg, aznd who he is figh+ting; a2ow he needs tc conduct a
map reconnaissance *to ob%*airn a feel for %he tzrrain at *ha=
location, With *this iaforma=ion th:z air defense commande:

s
sel3cts the attributes (no mor2 %han 2ight) =<hat he feals
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Figure 4.1

Airz Defense
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ar2 impor+tart “o the evaluation of any alcernative €for +*his
scenario. The attributes are list2d Za the second cclumn of
Figure 4.1.

Step 2. Rapk the atizibutas ZIa order of impertancs.
The air defernse commander ranks th2 attr order of

a i
impor-tance from most important to lzast i
importan% a**ribute to this d2f2rnsz i u
nex* impcc-tant attribute is labeled number 2, and +h
process con*inues untll 2all at+ributes arz numberzd. If <wo

ztritutes are +*ied for a particular level of impor=arce,
they are bkcth labeled with the szme number. Por example, if
mass and mix are tied for number four, sach is labelz2d
number fcur, and the next at*ribu%2 would be labz2led numbsr
five, the next attritu*e number six, and zhe least Imporzant
attribu=e number sevenr (assuming eight attributes and only
cnée tie). The rank c¢zder fcr ths at+ributes eare recorded in
the first column.

Step 3. Rat:s thz e..;;22z2§ ia importance, PLESSLVILg
ratios. To d> this, sta ty assigning the least- r+ant

attriku=s a waight of ten. YNow consider the next-
impor+ant attribute. How much mor2 impor=ant (
*he mcdel allows for ties) is it +han the least-im
Assign <his atrtribute a weight tha< r=2flects that ra:i
Continue up +<he 1lis%, checking sach s=2t of implied ra+ics as
cach new judgmen<t is made. Thus, if one a+tribuze is
assigned a weigh+t of “en while another is assigned a2 weignt
of 80, it means *ha+*t +he 30 at4r-ibutz is eigh< times as
important as the ten attribu+e, and zo on. By =he time “he
last attribute is reached, *herz will be marny checks %o
perform *¢ insure tha* the implied ratios reflac+ wha*t the
tat“ery ccmmande- intended. Typically, battery commandecs
will want to revise early judgmanis to make “hem consisternt
with later cn2s. Enter *he resul<3s in <he third column.
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discussed for SMART. For the air da2f2nse model the quc+ient
will not be multiplied by 100. Th2 valuss for w will b2
between 0 and 1, and the sum of tha v (§J =1, 2, 3, <.y N
where n is the number of at<«<ributes) will equal 1. Using
+his me“hod causes the user <o work with smallzar rnumbacs and
decimals. If the user does act feel comfcrtable with deci-
mals, then he should use ~he method explained in Step 7 of
SMART. 1Tte choice is arbitrary.

Step 5. Identify th= alterpatives to bs svaluyaxzed. As
stated in Chapter III, there will be no more than three
alternatives considersd. These alternatives could be all
Vulcans, all Redeyes, and/or mix*ures of the +wo. The ques-
tion for each scenario is hcw many Vulcans versus how many
Redayes versus what mixture or mixzures? Ths answer c=asts
with the number of ca-go airplanes the air da2fense commander
anticipates raceiving. A “entativ2 number usually can te
obtained frcm the brigads operations officer, but genecally
an air Jdefense ccmmander should have a f=2el £or how many
aircraf~ he car exp2c- based on past <exercises. For plan-
ning purrcses an air defense commandar can use the following
numbers tc assist him in developing an estimate f£or the
number of weapon systems. A Vulcan squad rigged for a heavy
dzop cperation (dimensions: 177 inchas long by 98 iaches
wide ty 90 inches high, weighting 5740 pounds) will need .25
cf 2 C-141B cargo airplaae (4 Vulcan squads carn be loaded on
a C-141B) oz .50 of a C-130 cargo airplane (2 Vulcan squads
can be i1caded on a C-130). A R2deye t2am rigged for a heavy
drop cperaticn (dimensions: 133 iaches by 98 inches by 77
inches, weighting 5690 pounds) will r2quire the same cargo
space as a Vulcan. If an air defense commander expects
three C- 141B airzcraf+ then hz would hav: space for 12
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units, where 2ach unit is either a Vulcan squad or Redeye
tsan.

Hew doss the commander arrive at a ratio of the two
weapons for a mixturs-cf-weapons alternative? The ccamander
uses his judgmen+ based on a preanalysis of the asset being
defanded (size of asset, terrain around the assa2%t, avenues
cf approach to the asset, eoramy air threaz) to develcp a
ratio. For example: if the defended asset is small (e.g.,
an ammuniticn storage area) *his will be a harder targe+* for
the enemy *c locate. Ian fact, it is probable tha+ *ke enemy
air may have to €ly over the target “o locatz it. 1In this
situaticn, *he air defense commandsr may want to posi<icn
his air dz2fense close to target. Vulcans are placed cn or
near the defended asset, thus an air defanse commander would
want to take more Vulcans wher d=2fsnding small targets. The
ratio used iIn ths analysis would b2 a subjective decisicn:

a decisicn affec*ed Lty preference, skill, and past assign-
ments., An air defense commander whose past assignmen*s have
bzen mostly Vulcan relatsd will probably always lean zowards
a Vulcarn-heavy ratio. On ¢he other hand, an air defense
commander whose past experienc2 was with Redeyes will fesl
mor2 ccnfidznt with Redeye and will probably l2an tcwards a
Redzye-heavy ratio.

Step 6. Measure the location of 2ach alternative beirn
evaluated for sach atiribute. This is purely a subjec+ivs
measurement, and forces “he ai:r defznse commander to rely

heavily on his experience, judgment, and intuition. To
star*t, assume a straight line scale for 2ach attribut=
measurad from 0 to 10, where 0 is Jefined as “he minimunm
value for *rat attribute, ard 10 is d2fined as the maximun
value. This step is conduct=2d in the same manner as Step 8
of SMART. The air defsnse commandar informally ranks the
alternatives from bast ©0o worst. In %*his discusion *he
single fixed osp+ion for devaloping mcsasuremen*s will be
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used. As explained ia Chapter III, the upper end poiant will
be assigned to the best alterrativa; the lower 2rd poinz,
zero utility, is assigned to an imaginary or theorzstical
altermnative tha*t contributas (practically) nothing “c¢ *he
attribute. The remaininrg *wo alternatives ar=z m=2asuredi
rzlative tc *he best alternative and the imaginary zero
point. ©EKecord these valu2s assigned in columa 5a.

The values thus far cbtained are raw measuremenzts of the
location of each alterrativae for each atiribu%e. Each
measurement will be weighted by multiplying “he -aw measure-
mant by +t2 normalized weights obtained in Step 4. Reccrd
the weighted value for sach alternative in column Sb.

Ster 7. Calculate the utili<y for each alternazive.
Simply add up column 5b for each alternative. This +otal
will reoresent a subjective mzasurs of effectiveness (MOE)
for each al+tesrnative,

Step 8. Review :he decisior f£aor accuracy.
Step 9. D2cision. Select the alzernative with the
highest tctal scors.

C. EXAMFLE

This section presents a discussicn of some of *he
thought rrocess that wmight bs involved in the applicazion of
the air defense model. The combat scesnario and ground
tac*ical plar are purgosely kept simpla. The d==ail
involved in writing them can be found in any good handbcok
for Army staff officers (s.g. FM 131-5).

In the example, steps o0f +he air defesnse model tha<
involve iteration of the same *hought proc=2ss are presented
cnly cencs (€.g., Step 4). For the sake of bravity, the
cthar iterations are assigned values wi<hout fur+*her
expiana+icn.
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Comba . The unit is ip direc* support cf 2

It
1]

sgenario
leme

(  trigade-sized~2lemen*t which has receivad notificatior cf a
deploymsnt exercise. The deployment will be o a
Middle-East country baving t=rrain, political, and mili<ary
characteris+ics similiar to Iran or Iraq, called 0Oillarnd.

. The missicn of the DRF is to0 securs the airhead for

»

s follow-cn elements of a larger contingency for-ce. The

»
P
2

- follow-con elements will start arrivirg at 0illand on D+3

{three days after the DRF arrives). The airhead will

I consist of *wo commerical airpor+s located north of the city
s Blues. The airports are six miles apart, both capable cf

>N supporting C-141B traffic and about twenty miles inland from
- the Persian Gulf. The DRF is %o establish coxntrol, and

~ maintain cecntrol of the airhead until celiaved by higher
headquarters., The airhead is va2ry critical to the overall

b
AL

accomplishment of the mission.

TR ]
o ¥y

oy Brigades commander's priorities are: airfield 1,
airfield B, and the brigade <actical operation center (TOC).
The TCC will be located in the area of air-field A.

Map reccmnaissapce. General resconnalssance shows the

s
WPLPI) INC LA P

e

area to be flat (small changes in -elief) with urnrest-ic:ted
visibility in all directions. The waterways are generally

e

located in the scuthern sactor of %he country. The soil

’

-
&

conditicn appsars to be sandy in ta2xture; man-made ctjec:s

P4

gy
s )

are restricted to the roads and som2 two-story buildings
located cn the airfialds.
Step 1. Identify relevant at<ributes (columr 2). The
air defense commander simply identifies the attributes cT
in

' e
o'
" « :

factors that are important t9o hinm the design of his air

defense fcr the brigade commandar's priority list. The

b

answer is very much a function of ¢th2 individual's experi-

RN -

ence, p-eference, and unders+tanding of the overall nmission.
The air defense commander for <zhis s=xample selected the
fcllowiag:

. ).l.'ﬂ -‘Al..
*

«'®
s

s
R

59

- §

- A e

PSR WO WEDIPW W WAL TS WA R WA WP S Ny W W R




characteristics ¢of the asset

air threat (quantity, tactics, ordnance, experience)

ter-ain (visibility, avenues of approach, road netwcrks,
ccver)

balanced defense

defense in depth

mass

mix

logis+ics

Step 2. Rank the attributes. The task here is simple:
put the attributes of Step 1 in order of importance to th2
air defense design. Wha+ factor will affect the decision
mor2 than +he other sasven? This is a judgmental step and
the final results will probably vary from one ai:- defens2
commander *c ano+ther. Th2 exampl:s air d=fense commarder
sel2cts "characteristics of “he ass2t" as most important.
The DRF ccmmander specified air€ield A and airfield B as
pciority 1 a2nd 2, but th2 air defense commander realizes
*ha+ +he airfield is an asset of many componernts and e=ach
ccmponent mey have a different valuzs of importance to the
missicn cf the DRF. Thus his thought process has tc do wit
+he nature (the fuactional activi<ies or components) aad
dssign (%he size and shape) of the ai-field. The most
critical part of “he airfield <o the DRF is <he airstrip,
especially the cen*tral portion of =he runway. If the z2nenmy
is successful in crateriang the center >f the runway <hey
have a high probability of rendering <he strip useless %o
“he DRF. Cratering the center will require the DRF
commander t¢ expend man-hours to make repairs; crateriag ths
center cculd alsc disrupt the movemant time table of the
DRF. The design of most airfields provide na+tural aveaues
cf approach. The avenues may be pronounced 2=nough <c
jus<ify a weighted defense. Even if thers ace ne forcad
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avenues of approach due o the tarrain, %*ne design cf <%he
airfield (lcng axis cf airst-ip) increases the probabilic

of what 1likely directions the air attack will ccme from. An
approcacn down the major axis c¢f a long, straight tacge:
gives pilcts time %0 align on target, means fswer last
minute adjustments, and greater probability of hirz.

The size and shape of the airfield make it an easily
identifiakle target from the air at night or in the day
+ime. Other considerations ars the cther components of the
airports, such as: ©pe¢ssible fuel storage (POL), buildings,
airplan2: parking (a futuras contingsncy), control tower, acnd
aircraf+ maintenance area (also a future contingency). Tc
the DRF +¢he airs*rip is the most important, but +he tuild-
ings would provide shelter *o personn2l, =2quipment, and
supplies. POL suppliss, if captur=d iatact, would provide
for an unexpected windfall in *srms of fuel. Supplies ars
very critical for the first 72 hours, and any unexpected
windfall would help. Airplane parkirg £o5r disabled airccraf+
is a fuzure consideration. Location of the TOC is a consid-
eratiorn. An air deferse command2r might also want to £ind
cut hcw important +the airports ars to the enemy. This
informa+icn will give some indicatioa of the weapons he
might expect to be used against him.

With the abcve information the air defense commander
would wan+t zo consider his air defense weapons' ceapabili-
ties. The volume of fires tha% a Vulcan can put into “he ai:c
will have scome affect on pilo+'s concerntration. Placing
Vulcans near the central portion of <he stzip will have
significart impact on enemy aixz. Vulcans can add much firs
pow2r +o night perimeter defense, and if necessary day+ims
ground defense. Redeyes wguld be placzd away f-om *he
airfield 4“0 get early engagemen+. Redeyes can be used to
provide a weighted defens2, or car be 2mployed to prcvide

defanse in depth. Redeye “eams ar2 smaller, sasie: +o hLide,
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and will have ecarly effects or the pilot's ability <“c
concentrate. Early Redeye engagements could possibly
disrupt fermations, destroy or damage aicplanes som2 of
which might be flown by key indivijuals, and force the =znemy

into early evasive fcrmazions.

The air defense ccmmander would also want to consider
the intarrelationships of his othzsr selacted 2t«ribu+es <«c
this atiribute. As was mentioned =2arlisr, the impor+ance of
+he airpor*s to the enemy will have some effect on the
w2apcns selected to be used by the s=nemy air thraat.

Without further discussior assume the ai- defense
commander ranks the attributes as follows:

Rank Attrikute
characteristics of the zsse:

b

air threat
balanced defense
defens2 in depth
terrain

mass

nix

~N OV E W

logistics

St2p 3. Rate the at+t-ibutes in importancs. The ratirgs
are alsn subjective, and will be diff=arent frem individual
to individual. The air defanse commander in this examrple
ranked lcgistics as leas< important. He rated i+ wi%h a
scors of 10. Mix and mass ware tied for +the next position,
and they were evaluated as twice as importamnt as logisitics.
The next attribute, <terrain, was det2rmined by “he ba+<tery
commander tc be *wice as important as mix and mass, and it
was ratsd 40. This rating also implies tha¢ terrain was
four times as important as logistics. 1If the ai- defense
coamand2r had not agreed with this implied ra+io, h2 could
adjust his rating for terrain un%il the implied ration digd
agree. Of course, the change in the terrain rcating would
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also change the establish two-to-cas ratio for mix and mass.

An air defenss commander needs *o recognize a charnge in ore

ra*ing may require him *o re-evaluate all ratios iInvolved.
The remaining ratings are deveioped in a similarc

fashicr.
Mgtzitute Raw Normalized
lcgistics 10 K
mix 20 .05
mass 20 .05
terrain 40 . 11
defense in depth 4s .12
talanced defense 60 .16
air threat 80 21
characteristics 100 27
of the asset
Total 375 1.00

Step 4. Sum weights and divide each attribute's raw
weight by the sum to get the rormalizad weigh%, as shown
above.

S+tep 5. 1Identify the alternatives to be evaluatzd. The
commander has received guidance f-om *the operations cifficer
that he can expect three C-141B. This means 12 Vulcans, cr
12 Redeyes, or a mixture of the <wo. Thz commander decides
on four Vulcans and eigh* Radeyss as a maix fcr alterrative
3.

Step 6. Measure the location of each alternative on
e¢ach at=ribute. The first a=tribute will be 2xplained in
some detail. The rest of “he attributes will be given
measuzas without explanation, as the <thought processes are
similar. The fizst attribute %0 be ccnsidersd is the cha:x-
actzristics of the asset., In the Jefinition of
characteristics cf the asset, it was msn+tioned *hat <the
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nature of the spscific targets within the ass2t could clas-
sified as homogenous or hetercgenous. The airfisld is an

{ example of a hatarogenous asse=., The components of th2

5 airfield bave different degrees of impor+ance *o ths DRF,

- and require different consideraticns in developing an air

S
0
3 defense design. For example, 2s was mantioned in S+ep 2,

- +he ai-s+trip is long and narrow, a target that is esasy %o

X recognize from a distance, and is probably the mos+ impor-
. +an% elzment of “he airport to the DRF. As a result 2f *“he
- size c¢f the airst-ip (long ané narrow) the enemy can use a

. variety cf attack options. He can use standoff weapons from
a distance, or h2 can fly over the target and drop his

® weapons. The effectiveness of +hese options car be reduczd
dependizg on the air defanse wz2apons deployed. Tha2 effec-
*ivaness of *hes standcff coption can be reduced with the
deploym2nt of Redeyes, and the 2ffectivensss of <«he flyovar
can ke reduced with *he deployment o5f Vulcan. For <+his

D
‘i_' »

L AR

aztribute, the ccemmander decidas the mix alternative can
accommodate +*he demands of this at:iribut2 the best, and thus

is scoer=d *=n. Vulcan weapon can provide pinpoint coverage

PRI
PR P N S

x to the central porticn of “he strip and still provide some
ccverage fer “he o+ther items (FOL, cor<rol tower, €%“c). The

a e
)

Vulcan range is limi%=d and +“herefors the pro*ected asset is

'
OO
2" et

vulnrerabls +c standoff a«-acks. R2dey=2 weapons will be
employed away £-om the assat to provide area coverage. They

[l 2t}
.

.

cause +hz pilots *o £fly lower <o avoid Redeye =ngagement*s.

Redeye z2arly 2ngagements will give Vulcan gunners early

. waraing, will attri+e some of the hostils <hresat, 2nd will

generally disrup* *he enamy's at-ack.

"21l Vulcaas" are rated second best, and *he air defense

- command=sr measures this alternative as 7. The Vulcaps can

- handle <he pcint air defsnse without much problem; <hsir-
weaknesses are range, linited ammunition load, and lack of

. acmor pro+ecticn. Tke enemy air can avoid %the Vulcan fire
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= by changing at*tack tactics from flyover a+tacks %o szandcif
attacks. This means the enemy might lose some accuracy in
(_ delivering his ordnance, but save airplanes.

g "All Redeyes" is measured a< 5. Redeye can handls th=
3 area coverage without much difficulty; their weaknssses are
4 the +ajil-chase nature of the w=2apon, and vulnsrability of
the team to enemy grcund firs.

The remaining attributes are measured as indica*ed in
) Figure 4.2,
) Steap 7. Calculate utility fo:- each alternative. This
is just simple addizicn. Ad4 up all the rumbers in cclumn
;E S5b foz tha+t alternative and record the sum in the *otal
B block. This sum will be <he MOE for that altsrnative,

Step 8. Raview. Dces cutcome mz2ke sense?

Step 9. Decision. Select the alterna+ive whcse MOE is
the largest.
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FIRST SECOND THIRD
NIERNATIVE | ALTERNATWE | ALTERNATIVE

VULCAN | REDEYE | MiX

Y 'Y #3 Jeq [ & @) ) Ka) (B
IRANK | NAME of ATTRIuTE | Shpe

{' CHARACTER ISTICS

| 4 |or e 00|23 7 1187 5 |135{10 2%

A )
2 | heear | 80| 211 5 |1os| 7 143 | )0 |20

BALANCE D
3 | pepense 60

16110 (140 6 |.96| 8 |).28

4 | DEFBNSE N 45

DEPTH A2 51.60])0 |20 8 | 9

5 | rerean (40| 1| 6 | 44| 8 |.88]s0 |)10

P 6 | MAsS 20 | .05\ 5 | 25|/0 |.50| 9 | .45
(- |
: ié Mix 2010514 [.200 72 | 3s|/0].50
3 ,

7 |LosisTics |10 |03 g |. 24|10 (.20 & |./8

TOTAL : 649 | 2o/ | 927

Figure 4.2 Completed Air Defense Format.
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CONCIUSIONS

This thesis has developed a planrcing aid to be us=d by
the airtcrne air defszsnse commaader in the develcpment of his
air defanse force structure reccmm2ndation to the brigade
commandar. Ther2 were four characteristics tha* <this
dasired modzl had to have. Thesa wera: (1) The model had
to prcvide a means of organizing the commander's though*s.
(2) The modal had to include the intsraction of the comman-
dar's judgment as part of the overall process. (3) The
model had «c be adaptive so that all scenarios could te used
with it., (4) Ths model had *o k2 simple and =sasy to
understand.

In Chap*er III the a-guments for haviag a model v=arsus
intuiticn were presented. Ths SMART version of MAUM was
reviewed, and found “c be compatibls with the four desirsd
charactsris+ics. In Chapter IV, tha SMART version of MAUM
was mcdified to fi+* +he gen=ral combat sc2nacio used by <he
air defanse commandar. The air defanse model format is
€lexiklz, adaptable, easy to learnp and understand, provides
organizaticr, and requirss ar 2x*ensive use of the ccmman-
d2r's judgment. The model alsc insures, by werking thrcough
the st2ps, that a commander will conduct some form of
analytic analysis, and <hus gain a better understanding of
+he intarrelationshigs of the at«ributas chocsen.

B. RECOMMENDATION

It is rzcommended that the air defense model be used by
air defanss command2rs as a planning aid ia developing their
raccamendations for fcrc2 s*truc+-ur2s. The model would te
especially us2ful for those air defaasa commanders that are
commanding a uni~ £or the firs%* tima. It will prcvide thenm




the guidance and organization necessary to> handle their

first derloyment mission.
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